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(54) Tide: BONE-GROWTH PROMOTING IMPLANT 




(57) Abstract 

A stem-like bone implant (10) includes longitudinal structural members (16A) and tension cables (31) that provide curvature control, 
support and rigidity against bending and buckling. The longitudinal structural members (16A) and tension cables (31) may become an 
integral part of a composite regenerated bone having a substantially increased strength over natural bone. The flexibility of the implant (10) 
is controlled by specifically varying the structural geometry of certain portions of the implant and by adjusting the tension in the tension 
cables (31) before, during and after the implantation operation to thereby adjust the stiffness of the implant The tension cables (31) may 
be adjusted to produce asymmetric or non-unifoim levels of tension in the longitudinal structural members (16A). 
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BONE-GROVfrH PROMOTING. IMPLANT 

FIELD OF THE INVENTION 

The present invention relates generally to bone 
implants. More specifically, the present invention relates 
to bone-growth promoting implants and implants that promote 
the growth of composite bone material. 

BACKGROUND OF THE INVENTION 

Conventional bone prostheses or implants that are 
known in the art generally include a metal portion 
constructed of steel or titanium inserted in and fixedly 
attached to a bony portion of a patient's body. For 
example, conventional implants for stems of- articulating 
joints or for nail -like implants used for intramedullary 
fixation to support bones during healing of fractures are 
constructed of metal. The nail-like implants are usually, 
but not always, removed when healing is complete. 

Current implant technology may be divided into two 
broad categories: implants which require reaming of an inner 
canal in the bone before insertion of the implant, generally 
typical of relatively thick implants; and implants which do 
not require reaming of a bone canal, generally typical of 
relatively thin implants. Thin implants are easier to 
insert and they enable better nourishment of the bone and 
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faster healing. However, thin implants provide a lees 

stable support structure for the bone. 

Several problems are associated with conventional 
bone implants aue to a mismatch between materials properties 
«* the bone and thecal implant. Por example, contact 
between the metal im pl ant and the bone my ^ 
wear of the bone. Wso , a difference in 
properties such as Young. s TOdulus and thsM 

coefficient between the metal i mp l anc and the ^ ^ 
result in po or anchoring o£ ^ ^ ^ ^ ^ 

which may cause discomfort to the patient, especially dU rin 3 
weather ch ang es. Furthermore, conventions! metal imp i ants 
provide virtually no shock absorption or damping. 

It is generally known that a bone grows or 
generates new bene tissue according to the level of stress 
to which it is subjected within an identified range of 
stress levels that is less than or egual to , certain 
maximum stress level but greater then ot egual to a certain 
minimum stress level, one problem with conventional metal 
rmplants is that they tend to distribute stress unevenly to 
the surrounding bone, with some surrounding bone areas 
receiving excessive stress leveis and other surrounding bone 
areas receiving less than optimal stress levels. :„ extreme 
cases where the amount of stress imparted to a surrounding 
bone area is too low, the conventional metal implant ^ 
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contribute to atrophy or degeneration of the area because of 
lack of use. This, in turn, may lead to bone recession and 
loosening of the anchoring of the metal implant, thus 
creating an undesirable gap between the bone and the metal 
implant . 

Another problem with conventional metal implants 
is their tendency to interfere with diagnostic techniques 
such as magnetic resonance imaging (MRI) and related 
tomographic techniques. Metal implants produce shadows, or 
image artifacts, because the metal material of the implants 
tends to interferie with the magnetic characteristics of the 
implant region, thus distorting the magnetic image of that 
region. These shadows reduce the effectiveness of magnetic 
resonance techniques, which are important and widely used 
diagnostic techniques that have even been used during 
surgical operations to produce real-time images with 
simultaneous multiple image sections. Therefore, the use of 
non-metal implants would be advantageous because such 
implants are expected to reduce the presence of these 
undesirable shadows, or image artifacts, to a level that 
will preserve the effectiveness of MRI-type images for 
diagnosis . 

Yet another drawback of conventional implants is 
their inability to conform to the three-dimensionally curved 
surfaces of a bone canal, thus reducing their effectiveness 
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in inducing or promoting continuous ^ ^ ^ ^ 
reinforcement for strengthening the bone. 

in order to overcome the aforementioned problem, 
a number of implants „ ith re silient portions have been 
proposed in International Application Ho. P CT/ IL96/0 oa S s 
which was fil ed September 4. 1 996 and invented by the 
inventor of the present invention, the disclosure of which 
x. incorporated herein b y reference. This „ applicatlon 
discioses various resilient Joint prostheses and bone 
plants that provide shoe, absorption and promote bone 
development and growth af ter plantation. :„ addition, the 
KCT application discloses bone implants that are 
aufficiently flexible that the, defer™ to adapt to various 
and changing curvatures of the bone. 

OBJECTS AND SUMMARY OF THE INVENTION 

in view of the above-mentioned considerations, an 
object of the present invention is to provide an proved 
^e implant that promotes bone development and growth after 
plantation, and that improves bone strength through the 
formation of a composite bone material. 

Another object of the present invention is to 
provide a means for controlling the distribution of stress 
within a bone and for producing a stress field having an 
intensity and pattern that acts to prevent bone degeneration 
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and promote growth of new bone tissue to strengthen selected 
regions of the bone. 

Yet another object of the present invention is to 
provide a means for producing and controlling micro -movement 
along a substantially continuous surface of a bone that 
interfaces and interacts with an implant to. promote improved 
generation of new bone tissue from the micro-movement. 

The present invention provides implants with new 
features that are not disclosed in the PCT application 
PCT/IL96/ 00098 invented by the inventor of the present 
invention. 

According to the present invention, a high degree 
of flexibility and control is imparted to a nail -like 
implant by using a "spar" construction with adjustable 
tension cables and longitudinal structural members. The 
tension cables provide curvature control and support, and 
rigidity against bending and buckling of the nail -like 
implant. The longitudinal structural members and the 
tension cables become an integral part of a composite 
regenerated bone, which has a substantially increased 
strength over bone regenerated through the use of 
conventional implants, regardless of whether the nail -like 
implant remains inside the bone or whether a majority of the 
implant (except for the longitudinal structural members) .is 
later removed. The flexibility of the implant is controlled 
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by spe cifically varying the Md 

SCi " neSS ° £ «" ain <* ^ lmplanC . and 

the tensio „ in selecced cension ^ 

arter the ^ lanCation operaUon ^ 

- of Che lap W. When che longUudinai 

~ al ^ are inserced bone 

« ^ 1~ and 9e „ erally unl£orm tension ^ ^ 
pre £ er, bly the structural ^ f rM o£ 

adjusted to prov ida additional sti££ness 

ness to the longitudinal 

structural mem ber s and to produ=e , 

aesired curvature 
therein by imparting asymmetric or non-unif , 

non uniform levels of 

tension thereto. 

The present invention creates a 

regenerated bone by providing a new type of 

3 w type of cross-section 
bone lmplant and by promoting fche ^ a 

composite bone structure. 



BRIEF DESCRIP TI0N op THE DRAWINGS 

Pi9. 1A is a cross-sectional view of a bone 
-Plant inserted inside a ^ ^ ^ ^ 

embodiment of the present invention; 

Fig- IB is a perspective view of a „ t . 
bone implant of Pia lfl h - " ° f * P-txon of the 

Fxg. 1A showxng var ious constructions of 
elements according to an embodiment of the present 



WO 98/46169 



PCT/IB98/00820 



invention; 

Fig. 1C is a perspective view of a portion of the 
bone implant of Fig. 1A showing an alternative construction 
of support elements according to an embodiment of the 
present invention; 

Fig. 2A is a cross-sectional view of a bone 
implant having support elements according to another 
embodiment of the present invention; 

Fig. 2B is a cross-sectional view of a support 
element of Fig. 2A; 

Fig. 2C is a cross^sectional view of a bone 
implant inserted inside a bone canal according to another 
embodiment of the present invention; 

Fig. 3A is a perspective view of a support element 
of Fig. 2A; 

Fig. 3B is a perspective view of a brace element 
externally attached to a fractured bone; 

Fig. 4A is a longitudinal cross- sectional view of 
a bone implant according to one embodiment of the present 
invention; 

Fig. 4B is a perspective view of an embodiment of 
a core of the bone implant having one or more tapered ends 
according to the present invention; 

Fig. 4C is a longitudinal cross-sectional view .of 
tension cables anchored to a support element of the bone 
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implant according to .„ embodiment of the 

p . the P^sent invention- 

^9- 5 is a perspective view of * ^ • 

and a woven sleev. ! ^ ° able 

en sleeve element according to S n 

Present invention; ~**W of the 

Fl9S - 6A and « are cut-away v iews sh • 
-les embedded in a web according to an h ^ 
P-ent invention; and " ^ 

interl ' ^ ' ^ « ^oved 

-terlockxng nail system according to an k 

Present invention ° f the 



DETAILED DESCRXPTI0N QF 

Preferred embodiments of the r,*- 

— ^ „ ith reference to J" ~ — « 

simile •■ resent the same or 

similar elements. 

It is generally known that a boo, 

minimum level of sr. • * * 

61 of stress in its bones w~ v 

generated when an * C6llS ^ 

u wnen an amount of stress i <= ~ 

falls within a o , ^ that 

11 9 P refe rred range of values that arP k 

certain lower l imit anH K , ab ° Ve a 

-Limit and below a certain 

conventional **** limit - A 

ntional stem-type or nail-type i mn i 

^ have an av. iS Const ructed 

311 aVera 9 e geometric shape that do 

the three-din,. • " 0t COnforin *> 

»ree di me ns 10 nally curved surfaces of . * 

-hich the imp i ant 4 • 3 b ° ne Canal ^ 

implant ls inserted. i n atMil .. 

* n addition, contact between 
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the implant and the bone occurs at random regions and is 
generally not sufficiently continuous to promote optimal 
bone growth. Because of the randomness of the contact 
between the implant and the bone, the forces exerted by the 
implant on the bone produce random stress levels within the 
bone. Only regions in which the amount of stress exerted on 
the bone is within a biologically acceptable range are 
recognized by the body so that new bone cells are generated 
at those recognized regions. Regions with stress levels 
below the lower limit or above the upper limit are not 
recognized by the body resulting in no generation of new 
bone cells. Thus, the body is prevented from rebuilding its 
skeletal strength . 

The present invention provides a means to control 
the amount and the distribution of stress imparted by an 
implant to an adjacent bone, and also provides a means to 
effect micro-movement at interface regions between the bone 
and the implant. The implants of the present invention 
conform to the three-dimensionally curved surfaces of a bone 
canal such that- substantially continuous regions of the bone 
canal interface with protruding support elements of the 
implant. The substantially continuous regions include 
surfaces that contact or interface with support elements 
with multiple fingers spaced reasonably close to each. other,, 
and are positioned to produce a continuous distribution of 
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stress with a desir-^ - 

aesired stress field pattern ► 

tissue generation a „, - Pr ° m ° te bone 

lon and to even tailor K«„ 

certain bone red t0 favor 

reckons over other regions. 

Bone defl ec ti on combined with den • 

— -~ inthe _ f ;;:;; no£the 

actual relative * there is *° 

SUCh vement and • 

change in the stress distribution promot 

*** cells and growth of . ? deration of new 

growth of new bone tissue 

Means for generating and control!, 
^ di ~ion of stress and for 1Un9 — 

include: Producxng micro -movement 

9) C ° ntrol ^n g the stif fness of the ■ i 

or the implant 
and/or providing means f or a H-i . • 

ror justing the 
staffness of the implant> 

Ch action 

ox the bone and the -im^i 

6 lmplant to bending is 

^ * ad3ustln9 tensiM ^ 

f" 9 Prot — ~ . W that 

^ — ana sl2 e „ d ■ 

that are made of certain 

certain ap pr0 p riate 

materials. 
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Turning now to the drawings, Fig. 1A shows a bone 
implant 10 inserted inside a bone 9, according to an 
embodiment of the present invention. The implant 10 
includes a flexible composite central portion or core 12 
embedded or molded inside an interface portion 13. The core 
12 may be solid or hollow and is preferably formed of a 
composite material which may be reinforced with a high- 
performance material such as DYNEEMA™, which is a fiber made 
from ultra-high molecular weight polyethlyene , for example. 
The interface portion 13 includes a .tubular layer 14 and a 
plurality of support elements 15 radially protruding 
outwardly therefrom. The support elements 15 contact the 
bone 9 by snugly fitting inside a bone canal 4 of the bone 
9. Preferably, the support elements 15 occupy only a 
fraction of the bone canal 4, and zones 3 are located 
between respective support elements 15 to accommodate 
natural spongy bone as well as bone marrow. Therefore, the 
implant 10 permits the spongy bone zones 3 and the bone 
marrow to internally nourish the bone 9 through the bone 
canal 4, which "is unlike conventional prior art devices that 
occupy nearly the entire bone canal so that the bone is 
nourished only from outside of the bone. 

Fig. IB is a perspective view of a portion of the 
bone implant 10. The support elements 15 may extend 
longitudinally- along the entire length of the implant 10, as 
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indicated bv r P f 

7 reference numeral 5. Alt*™- • , 

Alternatively, the 

support elements 15 mav K 

5 bS COmpris ed of two or more 
longitudinal segments, as indicated by referenc 
and 7 Tho reference numerals , 

ap r For ° xaapu - reteren - — a 

Mdard - tyPe SW °» — Hav ln9 . straight 

P-au and . trape2oidal cross 9ht 

numeral isa ,, d ref «ence 

St ra t 3 SPrin9 ~ tyPe — — -ing a 

straaght lateral p ro fii e and an arcuat, u 

section. Accordino t ° r h °° k -^ cross 

ccording to a preferred embodiment th. 
elements 15 d ~fn™ * support 
d.form durxng insertion of the -i m -, 

the bone canal * , Plant 10 into 

ne canal 4 to produce a snug f it that . 

an inner wall 0 f ,k u PrSSSeS against 

r wal, of the bone 9 (see F ig . 1A) u 

an excellent and k by foster ing 

"ent and substantially continuous f it o£ th . , 

10 to a patients 8 lm P lan t 
Patent s specific bone geometry. 

The implants 10 may be used in 
method for adant- function with a 

for adapting an implant to a particular k u 
of a computer-aided K "xcular bone by means 

r aided geometry duolir-^^ 

in PCT a „ni • du PUcator, as disclosed 

» p CT appl lcatlon PCT/IL96/00098, which • 
inventor of th. invented by the 

the present invention. According to this 
-hod, the computer-aided dupl icator is U J . ^ 
ODeMHn „ ls used mside the 

operating room to ^ ^ 10 to a „ 

shape durin a specific desired 

P curing an operation. - 

^ a typicai implantation operation ■ u 
nail-li ke i m m Potion m which a 

like i mplant is inserted . nto 

vctcient, the patient's 
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bone is drilled to accommodate the implant's particular 
shape. For implants having stems, such as stems attached to 
articulating joints, the bone drilling and shaping is done 
by the surgeon performing the implantation operation. The 
surgeon uses various files and reamers to prepare the bone 
for receiving the stem therein. Typically, a number of 
reamers of various sizes from small to large are used to 
ream a cavity in the bone and shape the cavity to correspond 
to the shape of the stem. 

According to the present invention, less bone is 
removed than in the typical implantation operation, and 
mostly spongy bone material is removed instead of the dense 
bone material that is reamed out in a conventional 
implantation operation, which can reduce considerably the 
strength of the remaining bone. A spoon may be used as a 
scooping device for removing the spongy bone. material to 
thereby create a cavity in the bone into which an implant of 
the present invention, with its protruding and flexible 
support elements, is inserted. The scooping device may 
contain one or more sensors attached to an elongated 
flexible core of the scooping device so that when the core 
is inserted into the cavity the sensors contact and press 
outwardly against the cavity surface to generate surface 
. geometry data that is fed into a computer. Alternatively^ a. 
sensing -apparatus separate from the scooping device may be 

13 
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used to generate the SU rf,„ 

cue surtace geometry 

- — e 9 _ try o£ the cavicy ^ - " - «*■ 

t-W*. technics. SU <* «™ ana/or ether 

Once the surface gentry o£ th= 

a compact computeri2ed j of ; - ty is known , 

- «t c avity . For an - ° — - 

ISA (see Fig 1B) th . , ^ «Wort elects 

9- 1B >, the implant may be f DT ™^ u 
the shaping tool to Dr H f0rmed * fi "t using 

9 tool to produce the impIant 

elements i 6A an H rt . wl tnout the support 

"9- 1C illustrates an alternati 

- s upport ele _ s ~ «. o £ 

"pered stub-type Drot ■ 7 lnClUde 

type protrusions 17 c^Ko*- 

- ™ ^ Protruston ; — — 

— p^t^s >, The ^ — 

» — insertion bo 

Press against an • =aMl 4 and 

3 St Sn lnner °£ the bone 9 „. 

— by providin9 a „ exMUenc " »>. 

- ~r. *ccor di „ g . a pre£ e IT SPeC " iC 
tapered stub ^ embodiment, the 

stub-type protrusions 17 have . ,1 „ 

6 a lender profile, 
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allowing them to deflect during insertion of the implant 10. 

The support elements 15 may also be comprised of 
other protrusions of various desired shapes. For example, 
reference numeral 20 shows a support element consisting of a 
tapered stub-type protrusion with at least one channeled 
groove 20A formed therein for receiving a tension cable {not 
shown) , which is described hereinbelow. (The term "cable" 
represents any longitudinal member with an arbitrary cross 
section, and may be formed of materials such as woven 
elements, rods, bars, and the like.) Some of the 
protrusions may be cut using, a computer-aided bone geometry 
duplicator to produce a nearly exact customized fit. 

Fig. 2A is a cross -sectional view showing various 
types of support elements 115, according to another 
embodiment of the present invention. Each of the support 
elements 115 include a trough portion 21, a £loor 22, and 
side walls 23. As indicated by reference numeral 150, the 
support elements 115 may be made of two separate portions, 
such as a trough portion 21 having a male connecting member 
24 forming a first portion that mates with a female slot 
member 25 formed between a pair of raised or serrated walls 
2 6 extending from the interface portion 13 forming a second 
portion, for example. 

Fig. 2C is a cross-sectional view showing a bone 
implant 10 inserted inside a bone 9 according to another 
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embodiment of the nrpc.^ • 

the present invention. The implant 10 

j-ee a tron 9 „ portion 21 constru=ted a8 _ 

° £ ^ lnter£ ^ — »• ~ - Portions M0 S eL 
T SUPP °" " S ,0. Zones 3 ate 

Xoeateo bet „een respective protmaino portions Uo to 

accommodate natural o^«~ , 

atural spongy bone as well as bone marrow 

thereby permitting the bone 9 to be nourish h ■ 

nourished internally 

from within the bone 9. The 20nes 3 
mold for the grow th of new bone tissue. 

used t " COnPUter " aided b ° ne — ^ *u P l icator may be 
-d to cut the raised walls. 26 , 

orientation line indicated by a-a as show • 

. ^ 7 a ' 95 show * m Fig. 2B. so 

that the trough portion 21 is tailored tn 

anored to snugly press 
against the inner wall of the bone 9 Th 
, 9 - The computer-aided 

duplication device talcw 

trouoh • aCCOUnt ^ i0nS ° f 

trough portion 21, which preferably is of a 

- uniform section. 

» L?r. dif£erent ~ ions b — - «*. 

- the ln ter f aee portion „ are possi ble , including . 
=™°°th fit. a spring £it , . clicfc _ on 

111 . or a serrated tit. 
eo^ter- W nea hone ^tr, o uplicator My ^ ^ ^ 

to eusto n -ont the protm d i„ 9 portions lso of che 
implant 10 of Fig. 2 C. 

As indicated by reference numeral im • „• 

al 151 ln Pig- 2a, 

IT" eleraents 115 also * ay be £ — - « « 

-e 9 rai portions eonneoted to the tro U3 „ Brti „„ „ ^ 
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having a spring- type connecting member (not shown) or a 
hollow- type connecting member 28 with a void 27 therein. 
Both types of connecting members deform during insertion of 
the implant 10 into the bone canal 4 to snugly fit and press 
against the inner wall of the bone 9 (see Fig. 2A) , thereby 
fostering an excellent and substantially continuous fit to 
the patient's specific bone geometry. in addition, the 
trough portion 21 may be provided with fingers 29 protruding 
therefrom to engage the inner wall of the bone 9 to exert 
pressure and generate mi cro- movement , thus serving as a 
catalyst to prdmote the generation of new bone tissue growth 
into a space 152 contained by the trough portion 21. 

Fig. 3A is a longitudinal perspective view of one 
of the support elements 115 of Fig. 2A. The trough portion 
21 may be fitted with an adjustable longitudinal support 
structure or tension cables 31 made of high-performance 
materials such as steel, DYNEEMA™, carbon, or aramid fibers 
such as KEVLAR™, for example. The tension cables 31 may 
include metal fibers, which serve as x-ray markers for 
indicating the .presence of the implant in an x-ray film. 
The tension cables 31 are supported by bridge elements 33. 

The tension cables 31 may be uncoated or they may 
be coated or surface-treated with special materials such as 
hydroxyapatite, such as porous (PHA) and non-porous (NPHA) 
versions of granular hydroxyapatite, for stimulating bone 
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calcification, porous bone macerial; ^ ^ 

.-organic 2 encgraft bone mineral; an osteoinductive bone 
graft substitute ,. type of cosine hydroxyapatite, . such 
as that ^eted under the name PRO OSTEON 1 *; « bioactive 
9lass implant chat ^ Co . tone t . ssue ^ ^ 

srte. such as that marketed under the name BI o G hASS». and 
COLLAGRAFT™ , an FDA-approved osteoconductive and 
osteoinductive synthetic hone 9 raft substitute that contains 
a mixture of hydroxyapatite, tri-caicium phosphate, and 
Wine fibrillar collagen. among other things. The coating 
-y contain bone monogenic .protein and/or prescribed 
medication for preventing bone diseases. 

The tension cables 3 1 may be wrapped with a 

mclude short whisker reinforcement elects 35 made of the 
same or similar materials as the tension cables 31 The 
-sh 32 and the whisker reinforcement elements 3S may be 
coated with specie! materials such as hydroxyapatite. with 
or without bone morphogeny protein and/or prescribed 
medication for. preventing bone diseases, and the whisker 
reinforcement elements 3 5 may be included as part of the 
-sh „. Preferably , the „ esh 32 Md ^ faridge ^ 

are formed of a resorbable material that is absorbed hy the 
patient. s body so that they practically disappear within a 
prescribed period of time. 
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The presence of such materials as hydroxyapatite, 
with or without bone morphogenic protein, on the trough 
portion 21, the mesh 32, and/or the tension cables 31 
promotes new bone tissue generation, and the new bone tissue 
may be specially designed to "have a predetermined shape 
defined by the shape of the trough portion 21, which serves 
as a mold for the new bone tissue generation. Over time 
(about one year in some cases) , a composite bone is produced 
with a cross section having a larger moment of inertia than 
the original moment of inertia of the bone 9, and the 
composite bone is formed as a substantially continuous 
longitudinal web 2 that interfaces with the trough portion 
21, with or without the high-performance tension cables 31 
being embedded therein. The tension cables 31 may be fully 
or partially embedded within the new bone tissue, and the 
tension cables may be bonded to the bone 9 by the new bone 
tissue and/or by an adhesive substance. 

Therefore, the implant 10 not only effectively 
helps to heal a broken bone, it also substantially increases 
the strength of. the healed bone by effectively reforming the 
bone with a new cross section having a larger moment of 
inertia (I) than that of the original . bone 1 s internal 
structure, and by incorporating reinforcements, such as the* 
tension cables 31, which may or may not be used to provide 
adjustable tension control, formed of a material with a 
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overan product o£ £xI o£ co ^ sUe ^ c ^ ^ 

higher than that o£ che original or ^ 

reduced. The ne„ ly . induced w ^ ^ ^ ^ 
-corporate and have e ^ d(Jed ^ 

reinforces eie^ents 35 . „Mch act to furcher 
the newly- 9enerated ^ materU1 

Accor d in 9 to another enfcodi,^ o£ c „ e 
invention. ^ ^ 

Matrons £ or P re.en ti n 3 b one a.eeaaea ray be included 
a coa ti n 9 on the ^ lant 10 or ^ ^ 

as crystals, resorbable capsules l irT ,,^ 

Psuies, l lguads , or powders into 

open regions or voids in the implant 10. 

According to an embodiment of the present 
invention, whisker reinforcemenfc ^ ^ 

-Terence numeral 3S, made o f metal or fibers of carbon, 

— , or DYNEEMA™, for example, are added to bone cement 

for proving the strength of a cement layer formed of the 

wh^er-reinforcea cement to reduce the occurrence of 
cracking in brittle fcypes q£ 

ana to improve stability 
» flexible ty p es of cement. The reinfor,^ k 
. reinforced bone cement may 

be used in attaching various bone implants to k 
alcA , Plants to bone, and may 

also be uqpH f-^v ~ 

used to connect bone segments together. 

Fi9- 3B shows an embodiment of the present 
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invention for a stand-alone external bone brace 200, which 
operates as a bone-structure enhancement device that may 
also be used to facilitate the generation of composite bone. 
The bone brace 200 comprises a trough portion 36 formed as a 
corrugated portion of a thin bone brace 200 integrally 
attached to a sleeve- flange element 37. Alternatively, the 
bone brace 200, may be comprised of a trough portion 36 
formed as a molded recess (not shown) of a thick bone brace 
200. The bone brace 200 may be secured by cement, glue, 
staples 39, screws, or other means onto the outside of a 
fractured bone : l, around either the entire circumference of 
the bone 1 or a part of it, to locally reinforce the bone 1 
at specific regions such as at the fractured region 40 to 
repair the fractured region 40. Optionally, the sleeve- 
flange element 37 with the attached trough portion 36 may be 
secured to a region to change the bone curvature of that 
region . 

The trough portion 36 is, in many respects, 
similar to the trough portion 21 of Fig. 3A, and may be 
fitted with tension cables 31 such as those described above. 
The tension cables 31 may or may not be adjustable. 

In some cases, preferably in cases where the 
sleeve -flange element 37 encircles the bone 1, a woven 
reinforcement bandage (not shown) formed of high-performance 
materials (such asu those described above) may be placed 
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between the surface of bone 1 and the sleeve-flange element 
37. The reinforcement bandage has incorporated therein 
growth-inducing biological materials to promote bone tissue 
growth through and around the weave, of the bandage, thus 
promoting the growth of a new bone layer to which the 
reinforcement bandage is bonded. The woven reinforcement 
bandage may be constructed as an integral layer of the 
sleeve-flange element 37 such that some of the fibers of the 
woven bandage are laminated and bonded into a skin layer of 
the sleeve-flange element 37. 

According to an embodiment of the present 
invention, the woven reinforcement bandage is full y embedded 
within the newly generated bone layer. That is, when new 
bone regeneration occurs, the sleeve-flange element 37 
becomes embedded or "cast" into the new bone material and 
becomes a single structural element with the new bone 
material . 

Fig. 4A is a cross-sectional view of the bone 
implant 10 showing the core 12 (see Figs. l A and 3A) . The 
-re 12 has a stiffness governed by, among other things, its 
overall geometry and materials properties. The core 12, the 
bridge elements 33, and the general ly-taut tension cables 31 
combine to form a "sailboat's spar" configuration, which is 
very light and has a much higher combined stiffness than 
that of the core 12 alone. The bridge elements 33 serve 
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"spar spreaders" and may be constructed as a portion of the 
support element or as a portion of the core 12. Optionally, 
the composite core configuration may be employed without the 
spar configuration, and the spar configuration may be 
employed at only a portion of the implant 10. 

The core 12 may be formed of any material, and may 
have various constructions, such as. a solid unit, a hollow 
unit, an assembly of individual rods, a plurality of rods 
formed into a truss structure, a mesh of circumferential 
fibers or wires wound to have a substantial area of open 
voids, or helical (coiled) springs. 

The tension cables 31 may be anchored at any 
location of the implant 10, such as at anchoring points 81, 
82, or other alternative locations, and the tension in the 
tension cables 31 may be controlled and adjusted during the 
course of the implantation operation at any time during and 
after insertion of the implant. Therefore, the tension in 
the tension cables 31 may be adjusted after the implant is 
inserted into and positioned within the bone canal 4, and 
may even be further adjusted at future times after the 
implantation operation. 

The tension cables 31 are adjusted using a 
tensioning device 34, which may include a multi-pin ratchet 
means or other means that enable the tensioning device 34 to 
change or adjust the tension in the tension cables 31 and 
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also to out extraneous lengths of the tension cables 31 
after tensioning thereof. The tension tables 3! may be 
adjusted to provide stiffness to at least a portion of the 
implant 10. and they may also be used to produce a curved 
profile in at least a portion of the implant „ so that the 
curved portion has a substantially identical profile as that 
of the bone canal 4. even while outside of the bone canal 4 
The above-described tension system is an -even tension- type 
of tension system. 

According to an embodiment of the present 
invention, the tensioning device 34 .ay be used to produce a 
controHed and uneven tension in the tension cables 31 to 
Simulate a bending moment in the bone. tmpl ants 10 having 
tension cables 31 with an uneven or non-uniform tension 
thereof may be used as a loaded element that continuously 
acts on the bone to change its curvature over time. 
Therefore, such tension cables 31 may be used to correct 
undesired curvature in bones, and the correction process may 
include periodic adjustments of the tension in the tension 
cables 31 to progressively correct the undesired bone 
curvature. 

As an alternative, whisker reinforcement elements 
3= may be incl uded in some trough portions 2 . of the implant 
10 and. not in others to produ=e controUe<J 

which may be used to exert controls levels of stress to 
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selected areas of the bone 9 to thereby achieve bone 
curvature correction. The presence of whisker reinforcement 
elements 35 in newly generated bone tissue changes the 
characteristics of the bone as compared with natural bone 
tissue without the presence of the whisker reinforcement 
elements 35. 

According to another embodiment of the present 
invention, the implant 10 may be constructed to include 
tension cables 31 but not include trough portions 21 by 
using various "spreaders means" such as the support elements 
15, shown in Fig. 1C, at least for the purpose of 
controlling stiffness and curvature, or as a longitudinal 
cable 60 integrally woven into a sleeve element 62, as shown 
in Fig. 5. 

Fig. 4B shows an embodiment of the core 12 formed 
of a composite material and constructed to have one or more 
tapered ends 48. Positioned between a pair of knuckles 51 
is a middle section 50 having either a constant or varying 
cross-sectional diameter. The composite material may 
include a number, of different fiber types, orientations, and 
diameters to optimize the desired stiffness for different 
portions of the core 12. The middle section 50 is designed 
to be the stiff est part of the core 12 so that it may 
provide stability to bone regions that most require 
stiffness, such as near an articulating joint portions or at 
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a fractured bone region, while the tapered ends 48 are 
sufficients nexible to enable easy insertion of ^ 
implant 10 into the bone.s three-dimensionally curved canal 
and. at the same time, p r ovide good anchoring to the bone 
The tapered ends 48 become stiffer after insertion into the 
bone through , tensioning action of the tensioning cables 
31, as described above. 

According to a preferred e.nbodiment, the core 12 
is for.ed of at least two types of ma terials each having a 
different Young-s modulus , and the afc ^ ^ ^ ^ 

materials are arranged to provide a varying Yo ung. s .odulus 
along a longitudinal axis of the core 12. 

Fi9- 4C is a longitudinal cross-sectional view 

showing a tension cable 31 anchored to a trouah . • 

t-o a trough portion 21. 

The trough portion 21 may have a natural slightly curved 
profile such that the tension cable 3! is supported on only 
a part of end bridge elements 33. when £icted into the 
slots 35 in the molded interface portion 13 (shown in Fig 
2B) , the trough portion 21 straightens and is Kept straight 
by the raised -or serrated walls 26 that produce a secure 
fit. as described above with respect to Pigs . 2 A and 2B , or 
by holding means which may be o, a ring type ,„ot shown, 
that prevents the trough portion 21 f rom averting to its 
original curved shape. This creates a pre-designed tension 
- the tension cable 31, and the tension is similar to that 
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in strings on a musical instrument or stays on a sailboat 
spar fitted with spreaders. This insertion tension may be 
the final tension of the assembled implant or, 
alternatively, the insertion tension may be an auxiliary 
tension, with a higher final tension exerted by the action 
of the tensioning device 34 . Adjustments to the tension in 
one or more tension cables 31 may be made during the course 
of the implantation operation or after insertion of the 
implant, such that final tension adjustments are made only 
after the device has been inserted into and positioned 
within the bone canal 4, as mentioned above. 

The implant 10 and the treated bone 9 may thus 
form two structure types: one in which the implant 10 is 
transformed into the bone 9, and one in which the implant 10 
is superimposed with the bone 9. 

According to the first structure type, an assembly 
of three coi^ponents —a composite core 12, bridge elements 
33, and tension cables 31— is transformed into a structure 
that comprises natural bone, bone tissue generated as bone 
webs 2, and tension cables 31. These components become 
incorporated in a composite bone structure when new bone web 
tissue is generated that fills the trough portion 21 and 
embeds the tension cables 31 within the newly generated bone 
web tissue, thereby reinforcing the web tissue. Other 
portions of the implant 10, excluding the tension cables 31 
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may be removed from the patient. 

According to the second structure type, an 
assembly of the three components -a composite core 12; 
bridge elements 33; and tension cables 31- is superimposed 
with a structure that comprises natural bone, bone tissue 
generated as bone webs 2, and tension cables 31. These 
components become incorporated in a composite bone structure 
when new bone web tissue is generated that fills the trough 
portion 21 and embeds the tension cables 31 within the newly 
generated bone web tissue, thereby reinforcing the web 



tissue. 



Fig. 5 is a perspective view showing a 
longitudinal cable 60 and support element 15 according to 
another embodiment of the present invention. The 
longitudinal cable 60 may be part of a woven sleeve element 
62 made of high-performance fibers of DYNEEMA™, carbon, or 
KEVLAR™, for example. Groups of fibers are woven into 
various layers and have various orientations such as 
diagonal, longitudinal, and circumferential, for example, 
and may also have open areas 44 in the weave. The sleeve 
element 62 may be attached to the support element 15 or to 
the trough portion 21 by various click-on means (not shown), 
by using one or more bridge elements 33, or by using one or 
more channeled grooves 20A (see Fig. i C ) 

The sleeve fibers may contain special materials 
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such as hydroxy apatite, with or without bone morphogenic 
protein. Additionally or alternatively, the sleeve element 
62 may include regions containing a loose mesh 32 of thin 
fibers made of the same or similar materials as the sleeve 
element 62, and may also contain special materials such as 
hydroxyapatite, with or without bone morphogenic protein, or 
a prescribed medication, such as that for fighting bone or 
bone marrow diseases. Optionally, the sleeve element 62 may 
be wrapped with the loose mesh 32. 

The implant 10 is inserted into the sleeve element 
62 and the sleeved implant is then inserted into the bone 
canal 4, with the sleeved implant snugly contacting the bone 
9 at a plurality of generally continuous locations. 
Optionally, a lining 63 may be interposed between the 
implant 10 and the sleeve element 62, and may be constructed 
to flexibly assist in pressing the sleeve element 62 against 
the bone canal 4 to promote a substantially continuous 
contact between the implant 10 and the bone canal 4 . At the 
contact regions, the presence of growth- inducing biological 
materials helps jto promote bone tissue growth through and 
around the weave, thus creating a new bone layer to which 
the sleeve element 62 becomes bonded. In one embodiment, 
the sleeve element 62 becomes fully embedded within the new 
bone layer, thus creating the composite bone described 
above. The openings 44 are designed to encourage spearheads 
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of bone growth to penetrate the weave quickly, and then 
gradually spread laterally until a generally uniform layer 
of new bone tissue is generated. The mesh 32, the whisker 
reinforcement elements 35, and/or the tension cable 60 act 
to promote bone tissue generation to conform to a 
predetermined desired shape defined by the trough portion 
21, which also serves as a form or mold for embedding the 
tension cable 60 in the newly generated bone tissue. 

Thus, bone growth into the trough portion 21 
and/or the sleeve element 62 may occur in a number of ways: 

(a) by natural bone regeneration with time; 

(b) by application of pressure using various implant 
portions; . 

(c) by micro-movement and/or vibration of portions of 
the implant relative to the bone canal; 

(d) by micro-movement and/or vibration of fixed or 
resorbable whisker reinforcement elements relative to bone 
canal; and 

(e) by administering various bone-growth promoting 
materials. 

The composite bone and the structurally improved 
implants of the present invention may be employed in cases 
where no bone fracture is present but where bone 
reinforcement is necessary and desired. The implant 10 may. 
be used as a «no„- structural device" made of a relatively 
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thin skin of a material such as polyethylene, for example, 
which is easily inserted into the sleeve element 62 and 
which may include the tension cables 31, the mesh 32, and/or 
the whisker reinforcement elements 35. Such a device is 
inflated by fluid pressure to press against the wall of the 
bone canal 4 . 

According to yet another embodiment of the present 
invention, at least one region of the interface portion 13 
may be inflatable and filled with fluid to create pressure 
regions which, in turn, exert forces on the support members 
15 and the wall of the bone Canal 4 to effect anchoring of 
the implant 10 and/or to produce a snug fit of the implant 
10 within the bone canal 4 to thereby enhance the micro- 
movement of the implant 10 relative to the bone canal 4. 

According to still another embodiment of the 
present invention, and with reference to Fig. 1A, a flexible 
implant is constructed without a core element 12, thus 
making the implant extremely flexible and easy to insert 
into the bone canal 4. The interface portion 13 of the 
flexible implant may be reinforced by high-pressure tubing 
made of fibers of materials such as steel, nylon, polyester, 
KEVLAR™, and DYNEEMA™, for example. By filling the area 
surrounded by the interface portion 13 with fluid, which 
exerts pressure on the interface portion, the flexible 
implant is transformed from an extremely- flexible state to a 
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substantially rigid stata. The pressure exerted by the 
fluid on the interface portion 13 also acts to press the 
support elements 15 against the wall of the bone canal 4. 
thereby producing an optical fit and good anchoring of the 
flexible implant in the bone canal 4. 

For an implant such as that shown in Pig. 5 . the 
pressure exerted by the fluid on the interface portion 13 
presses the sleeve element 62 against the wall of the bone 
canal 4 to produce a nearly continuous contact between the 
sleeve element 62 and the wall of the bone canal 4 over a 
substantial portion of the sleeve element 62. Optionally, 
if a lining 63 is used in the flexible implant, the 
interface portion 13 presses the lining 62 which, in turn 
presses the sleeve element 62 against the wall of the bone 



canal 4 . 



Once the interface portion 13 is pressurized with 
fluid, the tension cables 31 may be adjusted to produce 
desired tension levels in various parts of the flexible 
implant . 

The -flexible implant described above may be 

provided with short sections of a core element 12 at 

specific portions of the flexible implant t-« r~ 

j.iupj.ant to provide support 

to those portions. 

Optionally,. the flexible implant may contain time- 
release capsules ,„ot shown, that emit controlled amounts of 



32 



WO 98/46169 



PCI7IB98/00820 



medication into the bone canal 4 over an extended period of 
time. The time-release capsules may be positioned wherever 
there is sufficient space available in the flexible implant. 

Figs. 6A and 6B are cut-away views showing an 
embodiment of the present invention as applied to a stem 
implant such as a hip replacement stem implant. The hip 
replacement stem implant produces a continuous longitudinal 
webs 2 reinforced with tension cables 31 embedded therein, 
and these webs 2 extend beyond the end point 80 of a 
conventional stem implant. Therefore, overall bone strength 
is reinforced along the entire femur 85, and the stem 
implant forms a gradual transition from implant to composite 
bone to bone. 

According to yet another embodiment of the present 
invention, improvements are made to conventional 
interlocking nail systems. 

In a conventional interlocking nail system a metal 
nail is used, and the nail has through-holes pre-drilled 
therein. During the implantation operation the surgeon 
drills through the bone and must take care to align the bone 
holes with the pre-drilled holes in the nail. The pre- 
drilled metal nails are usually coated with a bio-compatible 
material and, therefore, it is desirable to preserve the 
integrity of that coating. Screws are then inserted through 
the holes in the metal nail and are self-tapping with the 
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holes in the bone. This inCerlocfci „ g process prevMts ^ 
movement of the bone relative to the nail and ensures that 
two fractured hone portions are joined and prevented fro™ 
separating and forming an undesirable spaoe therebetween. 

The present invention improves on the oonventional 
interlocking nail system by not requiring the surgeon to 
align the holes drilled in the bone with the pre-drilled 
hoies in the metal nail, which is a very difficult tas* to 
perform during the surgical operation and often results in 
Poorly fitted implants, instead, according to an embodiment 
Of the present invention, the nail is made of a driUable 
material so that the surgeon can drin directly through the 
bone and the nail without having to worry about whether the 
bone holes align with the nail holes. In addlcion , £he 
drilling can be accomplished at any desired angie and 
orientation and is not limited by the presence of pre- 
drilled holes in the nail. 

According to another embodiment of the present 
invention, shown in Fig . 7 , . plasti= ^ ^ ^ . 

into a pre-drilled hole in a metal „ ail 74 . ^ 
implantation operation, the surgeon driUs through the bone 
70 and then through the plastic sleeve 75. The plaatic 
sleeve 75 may initially contain a small hole or an elongated 
slot (not shown, or no hole at all. The plastic ?5 
-ts to grip the screw , 6 to prevent it from ending in the 
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direction a-a inside the pre-drilled hole in the metal nail 
74. The diameter of the pre-drilled holes in the metal nail 
74 is necessarily larger than the outer diameter of the 
threads 77 of the screw 76 because otherwise the screw 76 
cannot be inserted therein. * The drilled hole in the plastic 
sleeve 75, however, may be smaller than the outer diameter 
of the threads 77 of the screw 76 so that the threads 77 of 
the screw 76 cut into the plastic material of the sleeve 75. 
According to a preferred embodiment, the sleeve 75 is made 
of an FDA-approved polyethylene. 

The embodiments described above are illustrative 
examples of the present invention and it should not be 
construed that the present invention is limited to these 
particular embodiments. Various changes and modifications 
may be effected by one skilled in the art without departing 
from the spirit or scope of the invention as defined in the 
appended claims. 
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WHAT IS CLAIMED IS: 

1. A deformable bone implant, comprising .- 

a interface portion for interfacing with a bone; 

and 

a support structure for supporting the interface 

portion. 

2 . A def ormable bone implanc according to 
1. wherein the supp o« SCructure is comprise<J q£ ^ 
core . 



. 3. A deformable bone implant according to claim 
1, wherein the support structure is comprised of a truss- 
like structure of rods. 



4 . A deformable bone implant according to claim 
1. wherein the support structure is comprised of a mesh of 
fibers or wires arranged to have opens areas within the 
mesh. 



5- A deformable bone i mp l ant according fcQ claim 
1, wherein the support structure is comprised of at least 
one helical spring element. 
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S. A deformable bone implant according to claim 
1, wherein the support structure is formed of at least two 
types of materials each having a different Young's modulus, 
and the at least two types of materials are arranged to 
provide a varying Young's modulus along a longitudinal axis 
of the support structure. 

7. A deformable bone implant according to claim 
1, wherein the support structure comprises an inflatable 
portion. 

8. A deformable bone implant according to claim 
1, wherein the interface portion comprises a plurality of 
support elements protruding therefrom. 

9. A deformable bone implant according to claim 
8, wherein at least a portion of each of the plurality of 
support elements is resiliently deformable. 

10. A deformable bone implant according to claim 
8, wherein at least one of the plurality of support elements 
is adapted to fit snugly within a bone canal. 

11. A deformable bone implant according to claim 
8, wherein the plurality of support elements comprises 
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protrusions that resiliently deform and deflect during 
insertion of the bone implant into a bone canal such that 
the plurality of support elements exerts a force against a 
wall of the bone canal and the implant fits snugly within 
the bone canal. 

12. A deformable bone implant according to claim 
1, further comprising an adjustable cable for adjusting a 
tension in the support structure to thereby adjust stiffness 
and/or curvature of the implant. 

13- A deformable bone implant according to claim 
12, wherein the adjustable cable is supported by at least 
one bridge element. 

14. A deformable bone implant according to claim 
1. further comprising a plurality of adjustable cables for 
adjusting a tension in the support structure to thereby 
adjust stiffness and/or curvature of the implant. 

15. A deformable bone implant according to claim 
14, wherein the adjustable cables are adjusted to provide an 
asymmetric or non-uniform level of tension to the plurality 
of adjustable cables. 
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16. A deformable bone implant according to claim 
14, wherein the adjustable cables are adjusted before, 
during, and/or after implantation of the bone implant. 

17. A deformable bone implant according to claim 
14, wherein the adjustable cables are adjusted to provide a 
variable rigidity to the bone implant. 



18. A deformable bone implant according to claim 
1, wherein the interface portion contains at least one type 
of prescribed medication that is administered into a bone 
canal of the bone. 

19. A deformable bone implant according to claim 

18, wherein the interface portion is coated with a material 
selected from the group consisting essentially of a 
hydroxyapatite-based substance, a porous bone substance, an 
inorganic bovine bone substance, an osteoinductive bone 
graft substitute, and a synthetic bone graft substitute. 

20. A deformable bone implant according to claim 

19, wherein the material contains a bone morphogenic protein 
and/or medication for preventing bone diseases. 



21. A bone brace, comprising: 
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a longitudinal sleeve element for encircling at 
least a portion of an outer circumference of a bone; and 

a trough portion attached to the longitudinal 
sleeve element and facing the bone. 

22. A bone brace according to claim 21, wherein 
the trough portion is comprised of a corrugated portion. 

23. A bone brace according to claim 21, further 
comprising an adjustable cable for adjusting a tension in 
the longitudinal sleeve element to thereby adjust stiffness 
and/or curvature of the bone brace. 

24. A bone brace according to claim 23, wherein 
the cable is supported by at least one bridge element. 

25. A bone brace according to claim 21, further 
comprising a plurality of adjustable cables for adjusting a 
tension in the longitudinal sleeve element to thereby adjust 
stiffness and/or curvature of the bone brace. 

26. A bone brace according to claim 25, wherein 
the adjustable cables are adjusted to provide an asymmetric 
or non-uniform level of tension to the plurality of 
adjustable cables. 
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27. A bone brace according to claim 25, wherein 
the adjustable cables are adjusted before, during, and/or 
after installation of the bone brace. 



28. A bone brace according to claim 25, wherein 
the adjustable cables are adjusted to provide a variable 
rigidity to the bone brace. 

29. A bone brace according to claim 21, wherein 
the trough portion is coated with a material selected from 
the group consisting essentially of a hydroxyapatite -based 
substance, a porous bone substance, an inorganic bovine bone 
substance, an osteoconductive bone graft substitute, and a 
synthetic bone graft substitute. 

30. A bone brace according to claim 29, wherein 
the material contains a bone morphogenic protein and/or 
medication for preventing bone diseases. 



31. A bone brace according to claim 21, further 
comprising a woven reinforcement bandage positioned between 
the brace and the bone, wherein at least a portion of the 
bandage is molded with the longitudinal sleeve element 
and/or the trough portion. 
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32. A bone brace according to claim 21, further 
comprising a liner positioned between the trough portion and 
the bone. 



33. A bone brace" according to claim 32, wherein 
the liner is molded with the longitudinal sleeve element 
and/or the trough element. 

34. A bone implant, comprising: 

a longitudinal sleeve element for at least 
partially encircling an outer circumference of a bone; and 

a plurality of support elements attached to the 
sleeve element and contacting the bone, wherein 

the sleeve element including the plurality of 
support elements becomes embedded in newly-generated bone 
tissue to form a composite bone structure. 

35. A bone implant, comprising: 

an interface portion supported by a support 
structure; and 

a plurality of resiliently deformable support 
elements protruding from the interface portion, wherein 

the plurality of support elements contact a wall 
of a bone canal such that the implant conforms to and fits 
snugly within the bone canal, and 
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the plurality of support elements comprising 
protrusions that resiliently deform and deflect during 
insertion of the implant into the bone canal such that the 
plurality of support elements exert a force against the wall 
of the bone canal . 

36. A bone implant according to claim 35, wherein 
the plurality of support elements comprises longitudinal 
support members contacting the wall of the bone canal over 
substantially continuous portions of the support members. 

37. A bone implant according to claim 35, wherein 
the plurality of support elements comprises a group of 
adjacent elements positioned in a substantially longitudinal 
manner with respect to the bone canal, the group of adjacent 
elements contacting the wall of the bone canal over a 
substantially continuous portion thereof. 

38. A bone implant according to claim 35, further 
comprising at least one elongated tension member attached to 
the interface portion, wherein the at least one tension 
member becomes embedded in newly generated bone tissue 
and/or bonded to the wall of the bone canal to form a 
composite bone structure. 
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39. A bone implant according to claim 35, wherein 
each support element comprises a trough-like element which 
contacts the wall of the bone canal to serve as a catalyst 
for bone tissue growth. 

40. A bone implant according to claim 39, wherein 
the trough-like element comprises a plurality of fingers for 
engaging the wall of the bone canal. 

41. A bone implant according to claim 38, wherein 
at least a portion of the elongated tension member is 
surrounded with a loosely woven mesh of fibers and/or 
whisker reinforcement elements. 

42. A bone implant according to claim 41, wherein 
the elongated tension member, the woven mesh, and/or the 
whisker reinforcement elements are coated with at least one 
material selected from the group consisting essentially of a 
hydroxyapatite-based substance, a porous bone substance, an 
inorganic bovine bone substance, an osteoinductive bone 
graft substitute, a synthetic bone graft substitute, bone 
morphogeny protein, and medication for preventing bone 
diseases. 



43. A bone implant according to claim 38, wherein 
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the elongated tension member is supported by at least one 
bridge element attached to the interface portion. 

44. A bone implant according to claim 38 , wherein 
the elongated tension member is attached to the interface 
portion with an adhesive. 

45. A bone implant according to claim 35, further 
comprising a woven sleeve element surrounding the plurality 
of support elements. 

46. A bone implant according to claim 45, wherein 
the woven sleeve element comprises an elongated tension 
member . 

47. A bone implant according to claim 45, further 
comprising a lining interposed between the woven sleeve 
element and the support elements for flexibly pressing the 
woven sleeve element against the wall of the bone canal. 

48. A bone implant according to claim 47, wherein 
the woven sleeve element and/or the lining extends beyond an 
end of the support structure to interface the wall of the 
bone canal . 



45 



WO 98/46169 



PCI7IB98/00820 



43. A bone implant according to claim 35. wherein 
the support structure is comprised o£ a truss-li k e structure 
of rods. 

50. A bone implant according to claim 35, wherein 
the support structure is comprised of a mesh of fibers or 
wires arranged to have open areas within the mesh. 

51. a bone implant according to claim 35, wherein 
the support structure is comprised of at least one helical 
spring element. 



52. A bone implant according to claim 35, wherein 
the support structure is formed of at least two types of 
materials each having a different Young-* modulus, and the 
at least two types of materials are arranged to provide a 
varying Young- s modulus along a longitudinal axis of the 
support structure. 

53. ' A bone cement for a bone implant, the bone 
cement comprising: 

a cement material; and 

whisker reinforcement elements mixed with the 
cement material, wherein 

the whisker reinforcement elements are comprised 
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of metal or non-metal fibers. 



54. An intramedullary implant, comprising a nail 
formed of a drillable material. 

55. An intramedullary implant according to claim 

54, wherein the nail has pre-drilled holes and. further 
comprising plastic portions within the pre-drilled holes. 

56. An intramedullary implant according to claim 

55, wherein the plastic portions have openings therein. 
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AMENDED CLAIMS 

[received by the international Bureau on 30 October 1998 (30.10.98); 
original claims 1-3 cancelled; original claims 4-8, 12, 14 and 18 amended 
remaining claims unchanged (4 pages)] 

4. A deformable bone implant comprising: 

an interface portion for interfacing with a bone; 

and 

a support structure for supporting the interface 
portion, wherein the support structure is comprised of a meeh 
of fibers or wires arranged to have opens areas within the 
mesh. 

5. A deformable bone implant comprising; 

an interface portion for interfacing with a bone; 

and 

a support structure for supporting the interface 
portion, wherein the support structure is comprised of at 
least one helical spring element. 

6. A deformable bone implant comprising: 

an interface portion for interfacing with a bone; 

and 

a support structure for supporting the interface 
portion, wherein the support structure is formed of at least 
two types of materials each having a different Young's 
modulus, and the at least two types of materials are arranged 
to provide a varying Young's modulus along a longitudinal axis 
of the support structure. 

7. A deformable bone implant comprising: 
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12. A deformable bone implant comprising: 
an interface portion for interfacing with a bone; 
a support structure for supporting the interface 
portion; and 

an adjustable cable for adjusting a tension in the 
support structure to thereby adjust stiffness and/or curvature 
of the implant. 



13. A deformable bone implant according to claim 
12, wherein the adjustable cable is supported by at least one 
bridge element . 



14. A deformable bone implant comprising: 

an interface portion for interfacing with a bone; 

a support structure for supporting the interface 
portion; and 

a plurality of adjustable cables for adjusting a 
tension in the support structure to thereby adjust stiffness 
and/or curvature of the irqplant. 



15. A deformable bone implant according to claim 
14 , wherein the adjustable cables are adjusted to provide an 
asymmetric or non-uniform level of tension to the plurality of 
adjustable cables. 



16. A deformable bone implant according to claim 
14, wherein the adjustable cables are adjusted before, during, 
and/or after implantation of the bone implant. 
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17. A deferable bone implant according to claim 
». -rein the actable cables are adjusted J p J^ 
variable rigidity to the bone 

18. A deformable bone impi ant compri8lng . 
an interface portion for interfacing witn a W; 



and 



. .upp„„ eetuecuie f „ snpportiag 

portion, wherein the Interfax r„sw.< 

interface portion contains at least one 



18, wherein the interface 

selected , . P ° n 1? C ° ated Wich * ^terial 

selected from the group consisting essentially of a 

^oxyapatite-based substance, a porous bene substance, an 
xnorgan 1C bovine bone substance, an osteoinductive bone graft 
substitute, and a synthetic bone graft substitute. 

20. A deferrable bone implant according to claim 
19, wherein the material contain*. a >~ 

contains a bone morphogenic protein 
-d/or medication for preventing bone diseases. 



21. 



A bone brace, comprising! 
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